Introduction
The luminescent properties of Lanthanide complexes with various organic ligands have been investigated for decades [1] , and the search for novel Lanthanide complexes continues to attract many researchers due to their important applications as optical fiber lasers, electroluminescent displays, and organic light emitting diodes [2] [3] [4] . Among these, europium (III) complexes with β-diketones possessing aromatics and fluorine substituents displayed very good to excellent photo luminescent properties. Thus, various europium (III) complexes with β-diketones were synthesized and evaluated for their photo luminescent properties [4] [5] [6] [7] [8] [9] .
In this context, we report the synthesis, structural, and spectral properties of the octa-coordinate europium (III) complexes carrying four bidentate β-diketonato ligands having four alkoxy substituted aromatic moieties, fluorine substituents, and one piperidinium as a counter cation. Further, we have investigated the structural properties using X-ray analyses.
The luminescent intensity of the complexes 2a and 2b was quite strong because the complex has no water ligand in solid and in solution. This is due to the vibration relaxation of water molecule; that is to say, the excited energy on the f orbital ( 5 D levels) of the centered europium ion is effectively relaxed to 7 F levels.
Results and Discussion

Synthesis and Spectra Analysis
The two complexes 2a and 2b were synthesized in two steps. In the first step, β-diketone ligands were prepared by Claisen condensation of 4 -methoxy and ethoxy acetophenone with ethyl trifluoroacetate using sodium hydride as a base in THF. Secondly, 1-(4 -methoxy or ethoxy phenyl)-4,4,4-trifluoro-1,3-butanedione 1a and 1b reacted with europium (III) chloride in the presence of piperidine as a base reagent in ethanol solvent according to the method reported in the literature, yielding the corresponding complexes 2a and 2b in very good yields [10] . Complexes 2a and 2b are stable under air and moisture conditions. Structural properties in solution are in line with expectations, as shown by 1 H NMR spectroscopy. Although the peaks of the complexes are quite shifted from normal regions due to paramagnetic effect of the europium (III) ion, it can be easily assigned.
In the mass spectrum of 2a, the fragment peak is m/z 888 ([M + H] + − 1 ligand − piperidinium cation) mainly appears. However, the peak m/z 1133 ([M + H] + − piperidinium cation) is quite small. In addition, in the mass spectrum of 2b, the main fragment peak is m/z 930 ([M + H] + − 1 ligand − piperidinium cation) with the small peak m/z 1189 ([M + H] + − piperidinium cation). This is well explained by the fact that the neutral fragment is more stable than that of the anionic fragment ion.
The UV-vis absorptions for the ligands (1a, 1b) and their corresponding europium complexes (2a, 2b) were measured in dichloromethane solution (1 × 10 −3 mol/L), and their corresponding spectra is shown in Figures 1 and 2 . The ligands showed strong absorption bands at 352 nm and 351 nm, respectively. These strong absorption bands were assigned to the π-π* enol absorptions of the β-diketone ligands. Relatively low intensity absorption bands at 246 nm and 244 nm were assigned to the n-π* enol absorptions of the β-diketone ligands. Complexes 2a and 2b exhibited broad high intensity absorption bands from 342nm to 356 nm, respectively. The absorption coefficients (log ε) of the complexes 2a and 2b were 3.10 and 3.15, respectively. This was attributed to the chelating of four β-diketone ligands with the europium (III) ion.
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The complex 2b crystallizes in the monoclinic space group P − 1 (non-centrosymmetric, No. 2), the cell unit includes two molecules with two piperidinium ions and with two chloroform molecules ( Figure 4 ). (Tables 1 and 2) . These values of bond distances and bond angles are in good agreement with those reported for other analogous europium β-diketonato complexes [12] . The piperidinium cation involving the N1 atom is the most stable chair form in the crystal, and located near the crystallized benzene molecules (Figure 4 ). (Tables 1 and 2) . These values of bond distances and bond angles are in good agreement with those reported for other analogous europium β-diketonato complexes [12] . The piperidinium cation involving the N1 atom is the most stable chair form in the crystal, and located near the crystallized benzene molecules (Figure 4) . (Tables 1 and 2) . These values of bond distances and bond angles are in good agreement with those reported for other analogous europium β-diketonato complexes [12] . The piperidinium cation involving the N1 atom is the most stable chair form in the crystal, and located near the crystallized benzene molecules (Figure 4 ). Molecular shapes of these complexes are cone-like structures and the complex molecules have cavities ( Figure 4) . The difference between 2a and 2b about the inclusion of solvate molecule is well explained by the difference of the largeness of the cavity consisting of the four ligands. The cavity size of the 2b complexes seems to be larger than those of 2a. Differences between these complexes and calix [4] arene are the environment's internal cavity spaces; in another words, aromatic parts on the calixarenes are oriented-electron surfaces to the cavity center. On the contrary, the aromatic parts on the complexes are aromatic C-H protons oriented to the cavity center ( Figure 6 ). Therefore, the complexes are expected as new compounds for undeveloped fields of host-guest chemistry. size of the 2b complexes seems to be larger than those of 2a. Differences between these complexes and calix [4] arene are the environment's internal cavity spaces; in another words, aromatic parts on the calixarenes are oriented-electron surfaces to the cavity center. On the contrary, the aromatic parts on the complexes are aromatic C-H protons oriented to the cavity center ( Figure 6 ). Therefore, the complexes are expected as new compounds for undeveloped fields of host-guest chemistry. 
Experiments
Materials and Instrumentation
All reagents and solvents were obtained from commercial sources and are used without further purification. The 1 H-NMR spectra were recorded on a Bruker AVANCE400S spectrometer (Bruker, Yokohama, Japan) in CDCl 3 with tetramethylsilane (Me 4 Si) as an internal reference. The positive fast atom bombardment (FAB) mass spectrum (MS) of the complex were obtained on a Nippon Densi JEOL JMS-SX102A spectrometer (JEOL, Tokyo, Japan) using NBA (nitrobenzylalcohol) as the matrix and DCM (dichloromethane) as the solvent. The instrument was operated in positive ion mode over an m/z range of 100-2000. Elemental analysis data were recorded on a Yanako MT-4 analyzer (Yanako Group, Kyoto, Japan). A JASCO V-550 spectrophotometer (JASCO Corporation, Tokyo, Japan) was used for obtaining UV-Vis spectra in dichloromethane with 250-900 nm range. HITACHI F-2500 spectrophotometer (Hitachi High-Technologies Corporation, Tokyo, Japan) was used for fluorescence spectra measurements in dichloromethane with 250-900 nm range. CCDC No. 1529390 and 1529592 contain the supplementary crystallographic data for the complexes 2a and 2b, respectively. 
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Synthesis
Typical Procedure
In a first Schlenk vessel, a solution of europium (III) chloride (0.650 g, 0.41 mmol) and 1-(4′-methoxy or ethoxy phenyl)-4,4,4-trifluoro-1,3-butanedione 1 (1.65 mmol) in absolute ethanol (30 mL) was prepared at room temperature. Under protection from air, a slight excess of piperidine (0.30 mL, 3.0 mmol) was added to the solution, and the two solutions were then combined and stirred at room temperature for 12 h. After filtration, piperidine and most volatile materials were removed from the filtrate on a vacuum line. Under protection from air, the residue was repeatedly washed with small portions (5 mL) of warm, dry ethanol. The residual powders were dissolved with ethanol for crystallization. Without protection from air, the crystallized product was filtered off, washed with two portions of cold ethanol, and dried under reduced pressure, affording 0.371 g of pale-yellow 
Conclusions
In conclusion, two new europium (III) complexes 2a and 2b were successfully synthesized, characterized by 1 H-NMR spectroscopies, positive FAB-Mass, elemental analysis, and their photophysical properties were evaluated. Further, their absolute structures were determined by X-ray analysis. These complexes 2a and 2b exhibited strong emission at 614 nm, which could find prominent applications in light emitting devices. The luminescent intensities of the complexes 2a and 2b are quite the same. This result implies that the complexes 2a and 2b have similar structures. These strong emissions were attributed to the 5 D 0 → 7 F 2 transition of europium (III) ions under UV excitation.
